Charlesite was found in a calcite vein that developed along the boundary between crystalline limestone and gehlenite spurrite skarns at the Fuka mine in Okayama Prefecture. It occurred as a flattened hexagonal dipyramid up to 6 mm across in association with calcite. An electron microprobe analysis of the charlesite showed a marked variation in its composition from the core to the rim. . It is likely that charlesite in the Fuka mine was formed primarily under a low temperature hydrothermal condition.
INTRODUCTION
Charlesite is a member of the ettringite group minerals with the formula Ca 6 X 2 Y(O,OH) 12 , Si and Y = (SO 4 ,CO 3 ) 3 or (SO 4 ) 2 B(OH) 4 . Charlesite was first reported from the Franklin mine in Franklin, New Jersey, by Dunn et al. (1983) . The initial discovery of the mineral in the mine was described by Hurlbut and Baum (1960) . In its type locality, the mineral occurs as simple hexagonal crystals tabular on {0001} up to 4 mm across and is associated with clinohedrite, ganophyllite, xonotlite, prehnite, roeblingite, and other minerals in several parageneses. No other published data on this mineral are known to the authors.
Charlesite was found during a mineralogical survey of gehlenite spurrite skarns at the Fuka mine in Okayama Prefecture. This is the first report on charlesite being found in Japan. This paper deals with the mode of occurrence and the mineralogical properties of charlesite.
OCCURRENCE
Charlesite was found as a flattened hexagonal dipyramid up to 6 mm across in a calcite vein with a width of 2 8 cm; the calcite vein had developed along the boundary between crystalline limestone and gehlenite spurrite skarns in the Fuka mine. The charlesite occurred in close association with calcite. The charlesite bearing calcite vein contained hydrous minerals such as henmilite (Nakai et al., 1986; Kusachi, 1992) and bultfonteinite and anhydrous minerals such as sillenite (Kusachi and Henmi, 1991) and kusachiite (Henmi, 1995) . However, all these minerals were not in direct contact with charlesite. Figure  1 shows the scanning electron microscope (SEM) image of a charlesite crystal.
PHYSICAL AND OPTICAL PROPERTIES
Charlesite is pale brown with a vitreous luster in hand specimens. Optically, the mineral is uniaxial negative with the indices of refraction being ω = 1.498(2) and ε = 1.462(2). Its Vickers microhardness is 96.0 kg/cm 2 (10 g load), and its Mohs hardness number is 2.5. Its density measured using a heavy liquid is 1.84 g/cm 3 . In Table 1 , the physical and optical properties of charlesite are compared with those reported by Hurlbut and Baum (1960) and Dunn et al. (1983) .
The infrared absorption spectrum of charlesite was measured by the KBr method for the wavenumber range from 4000 cm −1 to 250 cm
, and it is shown in Figure 2 . The absorption band at 3420 cm −1 was attributed to the OH stretching vibration. The absorption bands at 1660 cm , and 880 cm −1 were due to the vibrations associated with the carbonate group.
X-RAY CRYSTALLOGRAPHY
The X ray powder diffraction (XRD) data for charlesite was obtained with a Rigaku RINT 2500V diffractometer at the Kurashiki University of Science and the Arts by using graphite monochromatized CuKα 1 radiation generated at 40 kV and 240 mA. The XRD data are shown in Table 2 and are compared with those of Dunn et al. (1983) . The unit cell parameters refined using the least squares method from the XRD data of charlesite were a = 11.097(5) and c = 21.22(3) Å. The a axis of charlesite from the Fuka mine was slightly shorter than that reported by Dunn et al.
THERMAL ANALYSIS
Thermogravimetry (TG) and differential thermal analysis (DTA) of charlesite were carried out using a thermal analyzer (Rigaku TG 8120) in air from room temperature to 900 ˚C at a rate of 10 ˚C min −1 at Okayama University (Fig.  3) . The DTA curve showed a sharp endothermic peak at 104 ˚C corresponding to the loss of H 2 O and small endothermic peaks at 421 ˚C and 443 ˚C corresponding to the loss of OH. The small peak at 662 ˚C was due to the loss of CO 2 .
CHEMICAL COMPOSITION
Charlesite was embedded in epoxy, polished, and coated with carbon. It was analyzed using a JEOL JSM 5410LV SEM equipped with a JEOL JED 2140 energy dispersive spectrometry (SEM EDS) system and a JSM 5400LVP wavelength dispersion spectrometry (WDS) system at the Kurashiki University of Science and the Arts. Qualitative chemical analysis showed the presence of Ca, Si, Al, S, and B and small amounts of As, Mn, Fe, Na, and K. The concentrations of all these elements except B were obtained by EDS. The measurement conditions for each element were as follows: acceleration voltage = 15 kV and beam current = 0.15 nA. The B content was measured by WDS with takedaite (Kusachi et al., 1995) as the standard and using an acceleration voltage of 15 kV and a beam current of 20 nA. The ZAF method was used for correction. The CO 2 and H 2 O content was determined by thermogravimetric analysis (TGA). The average chemical composition is shown in Table 3 and is compared with the analytical results obtained by Hurlbut and Baum (1960 O based on a total of 11 cations (anhydrous part). The hydrogen connected at three different sites was assigned as follows. Boron was assumed to be present as B(OH) 4 , and the (OH) value was obtained from the B value. The (OH + O) value was assigned to 12.00 atoms based on the chemical formula, and the (OH) value 1. Fuka mine. The present work. 2. Franklin mine, New Jersey (Dunn et al., 1983) . Table 2 . X ray powder diffraction data for charlesite (Hurlbut and Baum, 1960) . 
DISCUSSION
Charlesite shows a marked variation in composition from the core to the rim. The elemental maps of CaKα, AsKα, SiKα, AlKα, and SKα in a charlesite crystal are shown in Figure 4 . The Al/Si ratio (1.06 to 2.29, average 1.54) of charlesite from the Fuka mine shows a broad variation in comparison with that (1.94) of charlesite from the Franklin mine. In the mineral from the Fuka mine, the ratio decreases from the core to the rim. The value of S also varies from 0.52 to 1.14 atoms per formula unit (apfu). It is characteristically high at the rim. However, the value is notably lower than 1.98, which was the value obtained by Hurlbut and Baum (1960) , and is 2.00 apfu for the ideal formula. The apparent discrepancy is assumed to be a result of the substitution of (CO 3 ) for (SO 4 ). The average molar ratio S/(C + S) is 0.44. It should be noted that the CO 3 content is greater than the SO 4 content in charlesite from the Fuka mine. The outer part of charlesite from the Fuka mine is overspread with an unidentified mineral showing high Si and As content and low Al and S content, as shown in Figure 4 . The charlesite bearing calcite vein contains hydrous minerals such as henmilite (Nakai et al., 1986; Kusachi, 1992) and bultfonteinite and also anhydrous minerals such as sillenite (Kusachi and Henmi, 1991) and kusachiite (Henmi, 1995) . These minerals occur in the same manner as charlesite in the calcite vein. Kusachi and Henmi (1991) reported that sillenite in a calcite vein is formed primarily under a low temperature hydrothermal condition. From the mode of occurrence, it is likely that charlesite from the Fuka mine was also formed primarily under a low temperature hydrothermal condition and an unidentified Si and As bearing mineral was formed subsequently as an overgrowth on the early formed charlesite.
